Introduction {#section1-1756284820920779}
============

Inflammatory bowel diseases (IBD), comprising Crohn's disease (CD) and ulcerative colitis (UC), are chronic inflammatory conditions of the gastrointestinal tract driven by inappropriate immune responses to an altered gut microbiome in genetically susceptible individuals.^[@bibr1-1756284820920779]^ IBD affects at least 0.4% of Europeans and North Americans, with a rising prevalence worldwide including in areas such as Asian-Pacific and developing countries, where IBD was not described previously.^[@bibr2-1756284820920779][@bibr3-1756284820920779]--[@bibr4-1756284820920779]^ It is well recognized that individuals with IBD are at increased risk of developing intestinal neoplasia---particularly colorectal neoplasia (CRN), colorectal dysplasia and colorectal cancer (CRC)---as a primary consequence of chronic colonic inflammation compounded by intermittent episodes of acute or subacute inflammation as part of the natural disease course.^[@bibr5-1756284820920779][@bibr6-1756284820920779]--[@bibr7-1756284820920779]^ Presently, the incidence of CRC in IBD is lower compared with prior decades due, among other factors, to more effective and safer therapies to control inflammation and improved colonoscopic technologies. Nevertheless, CRC still accounts for a significant proportion of IBD-related deaths.^[@bibr8-1756284820920779],[@bibr9-1756284820920779]^

Despite considerable progress in our understanding of IBD pathogenesis and management, intestinal neoplasia is still a common complication of disease. Moreover, sporadic CRC and inflammation-associated cancer may still develop in patients with IBD. The focus of this review is on the pathogenesis, epidemiology, diagnosis, and management of intestinal neoplasia, namely colorectal dysplasia and CRC, attributed to chronic intestinal inflammation in IBD.

Pathogenesis {#section2-1756284820920779}
============

In IBD, recurrent mucosal inflammation is the primary trigger for intestinal neoplasia. Current data support overlap between the carcinogenic pathways and molecular mechanisms of the dysplasia to carcinoma sequence implicated in sporadic CRN and those of IBD-associated neoplasia, albeit with some nuances. For example, mutations in the adenomatous polyposis coli (*APC*) gene, aneuploidy, DNA methylation, microsatellite instability (MSI), activation of the oncogene *k-ras*, activation of *Cyclooxygenase-2* (*COX-2*), mutation in tumor suppressor genes *deleted in colorectal cancer* (*DCC*)/*deleted in pancreatic cancer-4* (*DPC4*), and eventual loss of tumor protein 53 (*p53*) function may be observed in either sporadic or IBD-associated CRN.^[@bibr10-1756284820920779]^ However, intestinal inflammation---the *sine que non* of IBD---alters the timing, frequency, and sequence of these genomic changes, yielding a process of carcinogenesis that is faster and more often multifocal.^[@bibr6-1756284820920779],[@bibr11-1756284820920779]^ IBD-associated CRC less often have *APC* and *k-ras* mutations and more often have *p53*, isocitrate dehydrogenase 1 (IDH1), and MYC mutations compared with sporadic tumors.^[@bibr12-1756284820920779][@bibr13-1756284820920779][@bibr14-1756284820920779][@bibr15-1756284820920779]--[@bibr16-1756284820920779]^ Moreover, chronic colonic inflammation creates a "field effect," with any inflamed segment at risk for neoplastic transformation.^[@bibr17-1756284820920779],[@bibr18-1756284820920779]^ Several human and animal studies have demonstrated that, in addition to reactive oxygen and nitrogen species, proinflammatory cytokines produced during chronic inflammation can induce genetic and epigenetic changes through a variety of pathways, including point mutations, deletions, duplications, recombinations, and methylation of various tumor-related genes through various mechanisms.^[@bibr19-1756284820920779]^ Indeed, methylation in gene promoters, such as those of *ITGA4* and *TFPI2*, may be suitable risk biomarkers for inflammation-associated CRC.^[@bibr20-1756284820920779]^ These molecular and epigenetic events induced by chronic inflammation alter pathways involved in normal cellular function and stimulate carcinogenesis directly. Further studies are required to identify feasible and clinically relevant biomarkers to identify patients at risk for CRN due to chronic inflammation.

Differing from sporadic CRC, in which the dysplastic precursor is the adenomatous polyp, dysplasia in IBD can be localized, diffuse, or multifocal.^[@bibr6-1756284820920779],[@bibr21-1756284820920779]^ Small bowel cancer (SBC), although lacking in data overall, is often found in inflamed ileal segments with previous or synchronous ileal dysplasia, suggesting that inflammation-associated SBC may evolve similarly to CRC, although the genetic and molecular signatures are less defined.^[@bibr22-1756284820920779]^

Epidemiology {#section3-1756284820920779}
============

Many referral centers and population-based studies have aimed to quantify the relative risk of CRC in patients with IBD compared with the general population. However, as multiple factors influence the risk of dysplasia and CRC, such as disease duration, severity, and extent, heterogeneity in study design and population might lead to heterogeneity in risk estimates.^[@bibr23-1756284820920779]^ Biases including selection or detection bias must also be considered since asymptomatic individuals in the general population at otherwise average risk for CRC would reasonably undergo colonoscopy for CRC screening purposes only at the age of 45--50 years. While the incidence of CRC in the IBD population appears to be decreasing, most notably in European cohorts,^[@bibr24-1756284820920779],[@bibr25-1756284820920779]^ based on several meta-analyses of population-based studies published over the past 10--15 years, the pooled risk for incident CRC remains elevated by nearly twofold for patients with IBD relative to general population controls.^[@bibr24-1756284820920779],[@bibr26-1756284820920779][@bibr27-1756284820920779]--[@bibr28-1756284820920779]^ With the exception of one United States (US)-based study from Olmsted County, Minnesota,^[@bibr29-1756284820920779]^ which reported no increased risk of CRC-related mortality in patients with IBD, most population-based studies have demonstrated a 1.2- to 2-fold higher risk of CRC-related mortality among patients with IBD, even in the modern era.^[@bibr25-1756284820920779],[@bibr30-1756284820920779]^

Disease-related risk factors for CRN in IBD {#section4-1756284820920779}
-------------------------------------------

A wide body of literature consisting of studies from both population- and referral center-based studies informs our understanding of the risk factors for IBD-associated CRN; however, risk estimates from older studies must be interpreted in context since these are from a time prior to high-definition white light endoscopy (HD-WLE) and other technologies for enhanced neoplasia detection, and also prior to the introduction of therapies to better control inflammatory burden in IBD.^[@bibr17-1756284820920779],[@bibr31-1756284820920779][@bibr32-1756284820920779]--[@bibr33-1756284820920779]^ Generally speaking, though, disease-specific risk factors include disease duration, extent, and degree of inflammation ([Table 1](#table1-1756284820920779){ref-type="table"}). Duration of colonic disease has long been recognized as an important factor predicting CRC risk in IBD.^[@bibr34-1756284820920779],[@bibr35-1756284820920779]^ A large meta-analysis from 2001, which included studies from 1966 to 1999, initially reported a cumulative CRC incidence of nearly 8% by 20 years and 18% by 30 years of disease among UC patients.^[@bibr36-1756284820920779]^ A more recent meta-analysis of population-based and referral center studies reported a 2.6% (95% CI 0.8--4.7) and 6.6% (95% CI 1.3--13.8) cumulative risk of CRC at 10--20 years and over 20 years of IBD duration, respectively, with a 21% cumulative risk of CRC among patients with extensive disease of over 20 years duration.^[@bibr24-1756284820920779]^ Similarly, the cumulative incidence of CRC in a prospective surveillance cohort of patients with extensive UC from St. Mark's Hospital in the United Kingdom (UK) was reported to be 2.5% at 20 years, 7.6% at 30 years, and 10.8% at 40 years of disease.^[@bibr5-1756284820920779]^ A Dutch study of IBD patients found that, after adjusting for age, sex, colonic disease extent, presence of primary sclerosing cholangitis (PSC), and presence of pseudopolyps, patients with more than 20 years of disease had a risk ratio (RR) of 4.42 \[95% confidence interval (CI) 3.07--6.36\] for the development of CRC compared with patients with less than 10 years of disease.^[@bibr37-1756284820920779]^ Despite these consistent data, most of these studies evaluated historical cohorts prior to (a) the widespread utilization of more effective therapies to control inflammation, namely biological and small molecule therapies; (b) robust data supporting the benefit of treat-to-target paradigm of mucosal healing, coupled with availability of noninvasive surrogate markers of mucosal and histologic healing; (c) data supporting the benefit of colonic surveillance programs in IBD^[@bibr38-1756284820920779]^; and (d) enhanced technology, such as HD-WLE, for dysplasia detection. As such, these risk assessments may overestimate the impact of disease duration on CRC risk in current IBD cohorts and practice, which is problematic since, in the absence of concomitant PSC or high-risk family history, disease duration, as opposed to other determinants such as cumulative inflammatory burden, dictates when to initiate colonoscopic CRN surveillance in IBD according to current guideline recommendations.

###### 

Clinical risk factors for IBD-associated colorectal neoplasia.

![](10.1177_1756284820920779-table1)

  Patient-specific factors                         Disease-specific factors                       Inflammatory complications
  ------------------------------------------------ ---------------------------------------------- --------------------------------------------------------------------
  PSC                                              Age of IBD onset                               Stricture (+/--)
  Personal history of CRN                          Disease duration                               Shortened tubular colon
  Family history of CRC in first-degree relative   Disease extent                                 Pseudopolyps[\*](#table-fn1-1756284820920779){ref-type="table-fn"}
  Smoking                                          Cumulative inflammatory burden                 
  Male sex (+/--)                                  Disease severity (endoscopic and histologic)   

Recent multicenter retrospective cohort studies which control for inflammation and other relevant confounders do not support an independent association of pseudopolyps with advanced CRN (see text).

CRC, colorectal cancer; CRN, colorectal neoplasia; IBD, inflammatory bowel disease; PSC, primary sclerosing cholangitis.

Colonic disease extent is also well recognized as an important factor predicting CRC risk in IBD. However, extent of colitis may change over time, and the majority of studies measured extent at a single time point, such as at diagnosis or study entry. Individuals with IBD limited to the rectum (proctitis) do not have a higher risk of CRC compared with the general population, and, thus, unless there is proximal extension of disease, do not warrant colonoscopic surveillance for CRN.^[@bibr28-1756284820920779]^ By contrast, those with any history of extensive colitis have a considerably higher risk of CRC relative to the general population.^[@bibr24-1756284820920779],[@bibr39-1756284820920779]^ A frequently cited study from Sweden on patients diagnosed with UC between 1922 and 1983 yielded a RR of 14.8 (95% CI 11.4--18.9) for pancolitis compared with a RR 2.8 (95% CI 1.6--4.4) in left-sided colitis, and no increased risk with proctitis.^[@bibr40-1756284820920779]^

Severity of inflammation is an established risk factor for CRC in IBD. However, interpretation of the existing data is complicated by heterogeneity across studies, particularly with respect to the diagnostic modality for assessing inflammation severity and capturing its change over time. Limited studies have shown that severity by endoscopic (RR 5.1, 95% CI 2.7--11.1) or histologic (RR 3.0, 95% CI 1.4--6.3) disease directly impacts risk of progression to CRC.^[@bibr17-1756284820920779],[@bibr41-1756284820920779]^ Likely, the more predictive determinant is cumulative inflammatory burden---that is, severity of inflammation over time---which is not adequately captured in most studies. Structural "surrogate" markers, though, of cumulative inflammatory burden might include post-inflammatory polyposis, strictures, tubular colon, and foreshortened colon (often the result of intestinal surgery), as discussed further below.^[@bibr18-1756284820920779],[@bibr42-1756284820920779][@bibr43-1756284820920779][@bibr44-1756284820920779][@bibr45-1756284820920779]--[@bibr46-1756284820920779]^ In a single-center cohort study of 987 patients followed over 13 years, cumulative inflammatory burden, defined as the sum of average score between each pair of surveillance episodes multiplied by the surveillance interval in years, was significantly associated with risk of CRN development. For every 10-unit increase in cumulative inflammatory burden, or for every 10, 5, or 3 years of continuous mild, moderate, or severe inflammation, respectively, there was a 2.1-fold (95% CI 1.4--3.0) higher risk of CRN.^[@bibr47-1756284820920779]^ Importantly, severity of inflammation based on recent colonoscopy alone was not significant \[hazard ratio (HR) 0.9 per-1-unit increase in severity, 95% CI 0.7--1.2\], whereas the mean severity score calculated from all colonoscopies performed in preceding 5 years was significantly associated with the risk of CRN (HR 2.2 per-1-unit increase; 95% CI 1.6--3.1). This is highly relevant, since most current guidelines base recommended surveillance intervals based on the most recent colonoscopic findings.

Regarding structural lesions as surrogates for inflammation severity and course over time, previous small studies suggested that the cumulative risk of dysplasia or cancer associated with strictures ranged from 0% to 86%, with up to 40% of strictures themselves harboring cancer.^[@bibr18-1756284820920779],[@bibr45-1756284820920779],[@bibr48-1756284820920779],[@bibr49-1756284820920779]^ More recently, in a study of 293 patients with colonic strictures undergoing surgery for non-neoplastic diagnosis, nearly 4% of strictures harbored preoperatively undiagnosed cancer. In a study of patients with IBD diagnosed with colonic strictures without known preoperative neoplasia who underwent surgical resection of the stricture, among patients with UC or IBD-unclassified (IBD-U; *n* = 45), 2%, 2%, and 5% were found to have low-grade dysplasia (LGD), high-grade dysplasia (HGD), and CRC, respectively, whereas, among patients with CD (*n* = 245), 1%, 0.4%, and 0.8% were found to have LGD, HGD, and CRC, respectively.^[@bibr48-1756284820920779]^ Based on these data, the risk of malignant transformation from dysplasia to CRC in strictures is low, suggesting that many may be managed safely with surveillance.^[@bibr50-1756284820920779]^ Recent data from large cohort studies controlling for inflammatory burden have demonstrated that post-inflammatory polyps, or "pseudopolyps," are not an independent risk factor for CRC, and more likely reflect cumulative inflammatory burden.^[@bibr51-1756284820920779]^ Studies have reported a low risk of malignant transformation of pseudopolyps, supporting the practice of not removing pseudopolyps unless there is diagnostic uncertainty or features concerning for malignancy.^[@bibr51-1756284820920779],[@bibr52-1756284820920779]^ However, if quality colonoscopic surveillance is unable to be performed due to severe pseudopolyposis interfering with visualization, colectomy should be seriously considered.^[@bibr42-1756284820920779]^

Patient-related risk factors for CRN in IBD {#section5-1756284820920779}
-------------------------------------------

Patient-related risk factors for CRC include concomitant PSC, prior history of CRN, family history of CRC in a first-degree relative particularly if diagnosed before age 50, smoking, and age of IBD onset ([Table 1](#table1-1756284820920779){ref-type="table"}).^[@bibr42-1756284820920779]^ PSC is major risk factor for CRN, as well as hepatobiliary cancers such as cholangiocarcinoma and gallbladder cancer. A meta-analysis of 11 studies in UC found an odds ratio (OR) of 4.09 (95% CI 2.89--5.76) for CRC in patients with PSC compared with those without PSC.^[@bibr53-1756284820920779]^ In a population-based study from Denmark, comprising 32,911 patients with UC and 14,463 patients with CD, adjusting for age, sex, and calendar time, the presence of PSC was a strong risk factor for CRC in UC (RR 9.13, 95% CI 4.52--18.5) but not in CD (RR 2.90, 95% CI 0.40--20.9), or more specifically in Crohn's colitis (RR 0.80; 95% CI 0.43--1.49).^[@bibr32-1756284820920779]^ There is also differential risk of progression of dysplasia in patients with colonic IBD with *versus* without PSC. A recent multicenter cohort study reported a risk of progression of LGD to advanced CRN (i.e. HGD or CRC) that was nearly threefold higher in patients with confirmed colonic IBD and concomitant PSC (8.4 per 100 patient-years) *versus* no PSC (2.0 per 100 patient-years; *p* = 0.01).^[@bibr54-1756284820920779]^ A separate multicenter study of 1911 patients with colonic IBD (293 with PSC and 1618 without PSC) similarly reported that the rate of advanced CRN following a LGD diagnosis was 2.8 times higher in patients with IBD and concomitant PSC compared with those without PSC.^[@bibr41-1756284820920779]^ In addition to the elevated risk of CRN, providers who care for patients with IBD and concomitant PSC must also be aware of the elevated risk of hepatobiliary cancers, and ensure appropriate screening/surveillance is similarly achieved. It is estimated that the risk of developing cholangiocarcinoma in patients with PSC is 0.5--1.5% per year, with a lifetime prevalence of 5--20%.^[@bibr55-1756284820920779],[@bibr56-1756284820920779]^ In addition to cholangiocarcinoma, an increased frequency of gallbladder carcinoma and hepatocellular carcinoma is also observed in patients with PSC.^[@bibr57-1756284820920779]^

Family history of CRC in a first-degree relative with CRC younger than 50 years of age is also a strong risk factor, and, accordingly, is recommended by most gastroenterology (GI) societies as one factor for risk stratification to determine CRN surveillance initiation in the proband. Based on a population-based cohort study of 19,876 individuals with IBD born between 1941 and 1995, among patients with IBD colitis, having a first-degree relative with CRC diagnosed younger or equal to 50 years was associated with a 9.2-fold (95% CI 3.7--23.0) higher risk of CRC.^[@bibr58-1756284820920779]^ Having a first-degree relative who was diagnosed with CRC after age 50 is still associated with a lower, but persistently elevated, risk, demonstrating an associated 2.5-fold (95% CI 1.4--4.4) increased risk.^[@bibr42-1756284820920779],[@bibr58-1756284820920779]^

While ample data confirm a high risk of advanced CRN following a diagnosis of LGD,^[@bibr59-1756284820920779][@bibr60-1756284820920779]--[@bibr61-1756284820920779]^ the clinical significance and course of indefinite dysplasia (IND) is less well defined. Recently, a single-center retrospective cohort of 492 patients with colonic IBD for ⩾8 years, of whom 53 (11%) were diagnosed with IND without prior or synchronous LGD, demonstrated that IND alone was associated with a significantly higher risk of advanced CRN (adjusted HR 6.85, 95% CI 1.78--26.4)---that is HGD or CRC---or CRN (adjusted HR 3.25; 95% CI 1.50--7.05), defined as LGD, HGD, or CRC, compared with patients without any history of dysplasia.^[@bibr62-1756284820920779]^ In this study, IND was confirmed by an expert GI pathologist and the authors adjusted for relevant confounders including histologic inflammation score. These data emphasize the importance of confirming histologic diagnoses of IND as well as ensuring adequate control of inflammation and continued surveillance.

IBD-associated CRC generally occurs at a younger age than sporadic CRC.^[@bibr37-1756284820920779]^ Age and age of IBD-onset have been shown to be risk factors for CRC in IBD, with younger age of IBD onset generally associated with an increased risk that has been attributed to more aggressive disease phenotype and perhaps greater cumulative inflammatory burden. A meta-analysis of five population-based studies demonstrated a pooled standardized incidence ratio (SIR) for CRC of 8.2 (95% CI 1.8--14.6, I2 82%) for age at IBD diagnosis younger than 30 years and a pooled SIR for CRC of 1.8 (0.9--2.7, I2 81%) for age at IBD diagnosis older than 30 years.^[@bibr24-1756284820920779]^ A population-based study from Denmark demonstrated that, among patients diagnosed with UC before age 19, the SIR was 43.8 (95% CI 27.2--70.7), among those diagnosed in between 20 and 39 years, the SIR was 2.65 (95% CI 1.97--3.56), and among those diagnosed in between 60 and 79 years, the SIR was 0.76 (95% CI 0.62--0.92).^[@bibr32-1756284820920779]^ A population-based study from Sweden found a higher cumulative incidence of CRC in patients diagnosed with extensive colitis before the age of 14 years compared with other age groups.^[@bibr40-1756284820920779]^ More recently, in a population-based cohort study of 96,447 patients with UC in Denmark (*n* = 32,919) and Sweden (*n* = 63,528), the HR of incident CRC was particularly high for childhood-onset UC (HR 37.0, 95% CI 25.1--54.4), whereas patients with elderly onset UC had no increased risk of CRC (HR 0.98, 95% CI 0.88--1.08).^[@bibr63-1756284820920779]^ Similarly, in a population-based cohort study of 47,035 patients with CD in Denmark (*n* = 13,056) and Sweden (*n* = 33,979), the risk of CRC was highest in children (HR 5.90, 95% CI 3.43--10.2), reflecting cumulative inflammatory burden.^[@bibr64-1756284820920779]^

Males with IBD might have a higher relative risk of CRC compared with females. A meta-analysis of four population-based studies reported a pooled SIR for CRC of 2.6 (95% CI 2.2--3.0) and 1.9 (95% CI 1.5--2.3) in males and females with UC, respectively,^[@bibr65-1756284820920779][@bibr66-1756284820920779][@bibr67-1756284820920779]--[@bibr68-1756284820920779]^ although this was not statistically significant.^[@bibr28-1756284820920779]^ More recently, a meta-analysis of three population-based studies in IBD (*n* = 9980 patients) reported a pooled SIR for CRC of 1.9 (95% CI 0.3--3.0) in males and 1.4 (95% CI 0.8--2.1) in females,^[@bibr65-1756284820920779],[@bibr68-1756284820920779],[@bibr69-1756284820920779]^ while pooled SIRs based on data from three referral centers (*n* = 2090 patients) were 6.7 (95% CI 0.3--13.1) and 6.9 (95% CI 2.7--11.7) in males and females with IBD, respectively.^[@bibr24-1756284820920779],[@bibr70-1756284820920779][@bibr71-1756284820920779]--[@bibr72-1756284820920779]^

Diagnosis and surveillance {#section6-1756284820920779}
==========================

No randomized controlled trials have compared the efficacy of colonoscopic surveillance with no colonoscopic surveillance in reducing incident CRC and related mortality in patients with IBD. As such, the endorsement for endoscopic surveillance programs by major GI and cancer societies is based on indirect evidence of benefit with respect to patient important outcomes.^[@bibr34-1756284820920779],[@bibr73-1756284820920779][@bibr74-1756284820920779][@bibr75-1756284820920779][@bibr76-1756284820920779][@bibr77-1756284820920779]--[@bibr78-1756284820920779]^

Among patients with colonic IBD who are diagnosed with PSC, colonoscopy should be performed at the time of PSC diagnosis with continued annual surveillance thereafter, unless other factors, such as LGD in the absence of colectomy planning, dictate shorter interval surveillance. Otherwise, among patients without concomitant PSC, the interval for surveillance varies by society, with some recommending specific intervals based on risk stratification (high-, intermediate-, low-risk according to patient- and disease-related clinical characteristics),^[@bibr52-1756284820920779],[@bibr79-1756284820920779]^ while others suggest a comparatively non-stratified approach. Generally, US guidelines recommend that CRN surveillance commences 8--10 years after diagnosis among patients with colonic involvement, and continues at an interval of 1--3 years based on patient- and disease-related factors ([Figure 1](#fig1-1756284820920779){ref-type="fig"}). Among patients with a first-degree relative with CRC, the initial exam should occur 10 years prior to age of CRC in the first-degree relative or after 8 years of IBD, whichever occurs first. Patients with isolated IBD proctitis do not require regular surveillance after the initial exam, unless there is confirmed proximal disease extension.

![Schema for the management of patients with colonic IBD undergoing surveillance for CRN.\
CE, chromoendoscopy; CRN, colorectal neoplasia; CRC, colorectal cancer; HGD, high-grade dysplasia; IBD, inflammatory bowel disease; LGD, low-grade dysplasia.](10.1177_1756284820920779-fig1){#fig1-1756284820920779}

Quality metrics for colonoscopic surveillance in IBD generally reflect CRC screening and surveillance recommendations in the general population, albeit with some additional considerations including the use of image-enhancing techniques, such as chromoendoscopy.^[@bibr34-1756284820920779],[@bibr52-1756284820920779],[@bibr78-1756284820920779][@bibr79-1756284820920779][@bibr80-1756284820920779]--[@bibr81-1756284820920779]^ It is recommended that surveillance examinations be performed by an experienced gastroenterologist in IBD when disease is in remission and with adequate bowel preparation. While active disease should not preclude a surveillance exam, the extent and severity of disease activity should be noted. Even with active disease, the identification of LGD, HGD, and CRC is still reliable with interobserver agreement. In quiescent disease, a large field of pseudopolyps, scars, or impassable strictures that may compromise surveillance should prompt discussion of colectomy. Despite guidelines and quality metrics, widespread adherence to recommended surveillance techniques remains low.^[@bibr82-1756284820920779][@bibr83-1756284820920779][@bibr84-1756284820920779]--[@bibr85-1756284820920779]^

Prior to HD-WLE, standard of care for surveillance using standard definition white light endoscopy (SD-WLE) included four quadrant nontargeted random biopsies every 10 cm from the cecum to the rectum (minimum 32 biopsies), placed in separate jars, with the goal of detecting subtle or "invisible" dysplasia. In addition to targeted biopsies of any visible lesions or concerning mucosal areas, obtaining biopsies from the surrounding normal-appearing mucosa and placing this in separately labeled jars was also recommended as a way to evaluate for invisible dysplasia or inflammation. However, SD-WLE is no longer acceptable for surveillance,^[@bibr80-1756284820920779],[@bibr86-1756284820920779]^ and has been replaced with newer, better, technology (HD-WLE) and other image-enhancing techniques such as chromoendoscopy (CE). These advances have substantially improved dysplasia detection and have brought into question whether "invisible" dysplasia is a true entity.^[@bibr87-1756284820920779],[@bibr88-1756284820920779]^ Application of dye CE during colonoscopy with indigo carmine or methylene blue might improve visualization of subtle lesions by highlighting the distinction between inflamed mucosa and precancerous dysplastic lesions, assuming of course there is adequate mucosal visualization---that is, adequate bowel preparation, minimal pseudopolyps, and endoscopically quiescent disease. A meta-analysis of six studies including 1358 patients with IBD undergoing surveillance with CE (*n* = 670) or HD-WLE (*n* = 688) found that more dysplasia was identified on CE compared with HD-WLE (19% *versus* 9%, *p* = 0.08).^[@bibr89-1756284820920779]^ Recently, a randomized controlled trial comparing HD-WLE with random biopsies (*n* = 102) with CE with targeted biopsies (*n* = 108), showed no difference in dysplasia detection.^[@bibr90-1756284820920779]^ Similarly, other image-enhancing adjuncts to complement HD-WLE---such as virtual chromoendoscopy (VCE) and narrow-band imaging, both of which provide mucosal contrast enhancement without dye---unfortunately have also not demonstrated higher yield of dysplasia detection.^[@bibr50-1756284820920779],[@bibr80-1756284820920779],[@bibr91-1756284820920779],[@bibr92-1756284820920779]^ In fact, a recent randomized controlled trial comparing VC, CE, and HD-WLE found that HD-WLE and VC were non-inferior to CE, with the authors concluding that HD-WLE was sufficient for the detection of dysplasia.^[@bibr93-1756284820920779]^

Although CE is endorsed by the Surveillance for Colorectal Endoscopic Neoplasia Detection and Management in Inflammatory Bowel Disease Patients: International Consensus (SCENIC) recommendations,^[@bibr80-1756284820920779]^ the role of CE and random biopsies in the era of HD-WLE is controversial as the vast majority of neoplasia is accepted to be visible, not to mention that CE adds procedural time and might be cumbersome.^[@bibr86-1756284820920779],[@bibr88-1756284820920779],[@bibr90-1756284820920779],[@bibr94-1756284820920779][@bibr95-1756284820920779]--[@bibr96-1756284820920779]^ A recent single-center study reported that, among 302 polypoid lesions biopsied or resected from 131 patients with IBD in whom lesion-adjacent biopsies were obtained, the yield for invisible dysplasia was 0%.^[@bibr97-1756284820920779]^ Current data do, however, support random biopsies with CE for those at high risk of CRC, including patients with PSC, a personal history of dysplasia, or a tubular-appearing colon suggestive of high cumulative inflammatory burden.^[@bibr88-1756284820920779]^ Currently, questions remain regarding which surveillance technique is superior for the group of patients with IBD and colonic involvement but no other risk factors for CRC: HD-WLE with random biopsies, HD-WLE with CE and targeted biopsies, or HD-WLE with targeted biopsies.

Dysplasia types and categories {#section7-1756284820920779}
==============================

The management of IBD-associated dysplasia hinges on consistent definitions and appropriate endoscopic characterization of lesions. These descriptors are critical for determining resectability, prognosis, and future surveillance. Recently, imprecise terminologies such as dysplasia-associated lesion or mass (DALM), adenoma-associated lesion or mass (ALM), flat and raised dysplasia, were replaced by a modified Paris classification,^[@bibr98-1756284820920779]^ which has been classically applied to dysplastic lesions diagnosed in individuals without IBD, in an effort to describe dysplastic lesions in individuals with IBD more appropriately and consistently.^[@bibr80-1756284820920779]^ The SCENIC consensus statement recommended broad categorization of dysplasia as "visible", defined as a dysplastic lesion seen on endoscopy, and "invisible", defined as dysplasia diagnosed on histopathology from a nontargeted biopsy in the absence of a discrete lesion. The modified classification also included polypoid and nonpolypoid lesions under the broader category of "visible," and was further modified to include descriptors for visible dysplasia, including the presence of ulceration and the distinctness of the borders of the lesion. As detailed above, the yield of random biopsies to evaluate for invisible dysplasia has been scrutinized in the era of HD-WLE and other technologies.

When a lesion that is concerning for dysplasia is identified on endoscopy, the minimum descriptors should include size, morphology (polypoid *versus* nonpolypoid; [Figure 2](#fig2-1756284820920779){ref-type="fig"}), border (distinct *versus* indistinct), and features suggestive of submucosal invasion and invasiveness, including depressed areas, ulceration, or nonlifting with submucosal injection.^[@bibr80-1756284820920779]^ Polypoid lesions, such as those that are pedunculated or sessile, are defined as protruding at least 2.5 mm into the lumen, whereas nonpolypoid lesions, such as those that are slightly elevated, flat, or depressed, may range from superficially elevated to depressed.^[@bibr99-1756284820920779]^ A potentially resectable lesion should have discrete margins that are identifiable and would enable complete resection endoscopically. Biopsies of the tissue surrounding the polyp should be obtained to ensure that the surrounding tissue is free of dysplasia.

![Endoscopic images of non-polypoid (a, b) and polypoid (c) dysplastic lesions. (a, c) WLE; (b) CE.\
Photos courtesy of Steven H. Itzkowitz.\
CE, chromoendoscopy; WLE, white-light endoscopy.](10.1177_1756284820920779-fig2){#fig2-1756284820920779}

Management {#section8-1756284820920779}
==========

The management of visible dysplasia in IBD is multidisciplinary and encompasses confirmation by an expert gastrointestinal pathologist, therapeutic resection, medical management to achieve/maintain IBD remission, risk factor modification, low threshold for surgical consultation, and, in the absence of colectomy, continued surveillance ([Figure 1](#fig1-1756284820920779){ref-type="fig"}). The SCENIC consensus emphasized the importance of distinguishing polypoid from non-polypoid (i.e. flat) lesions, due primarily to therapeutic and prognostic implications, as well as subsequent surveillance considerations.

Non-polypoid lesions have a higher risk of progression to CRC compared with polypoid lesions.^[@bibr100-1756284820920779],[@bibr101-1756284820920779]^ In addition, histologic grade and focality impacts prognosis and subsequent surveillance. For patients for whom *en bloc* resection of polypoid lesions less than 1 cm is achieved with confirmed negative margins, surveillance colonoscopy is recommended at 12 months.^[@bibr80-1756284820920779]^ For lesions removed piecemeal or with size greater than 1 cm, surveillance colonoscopy should be performed within 3--6 months, with the shorter interval favored for HGD if surgery is not pursued.^[@bibr80-1756284820920779]^ Progression to HGD or CRC following complete resection of unifocal LGD is rare, whereas multifocal LGD carries substantial risk.^[@bibr54-1756284820920779],[@bibr87-1756284820920779],[@bibr102-1756284820920779],[@bibr103-1756284820920779]^ Management following complete resection of a visible lesion with HGD is controversial, and the decision of continuing shorter interval surveillance *versus* colectomy should be made on a case-by-case basis.^[@bibr80-1756284820920779],[@bibr81-1756284820920779],[@bibr104-1756284820920779]^ Compared with polypoid lesions, the course of non-polypoid lesions following endoscopic resection is not as defined. Classically, non-polypoid dysplasia had been an indication for colectomy. However, in patients for whom complete endoscopic resection of non-polypoid dysplasia is achieved, ongoing surveillance is suggested rather than colectomy, with intervals similar to those recommended for polypoid dysplasia and with similar alterations according to histology and other individual-level factors, including patient preference. Surgical referral should still be discussed with patients, given the higher risk of incomplete resection of non-polypoid lesions with a corresponding higher rate of recurrence and progression of LGD to HGD/CRC compared with polypoid lesions.^[@bibr60-1756284820920779]^

If invisible dysplasia is identified and confirmed by a second pathologist with specific GI expertise, timely referral to an expert in IBD surveillance using CE with HD-WLE is required. If no lesions are identified, random biopsies should be repeated. If LGD is detected randomly, surveillance should be performed every 3--6 months at a minimum; however, surgery should still be discussed with patients given the significant risk of progressing to HGD/CRC.^[@bibr60-1756284820920779]^ In patients with PSC, given the significantly higher risk of progression, there is a much lower threshold for colectomy. If HGD is detected on random biopsies and confirmed by an expert pathologist, a repeat examination should be performed as soon as possible by an endoscopist experienced in IBD dysplasia detection and resection using HD-WLE with CE; if no resectable lesions are identified, colectomy is indicated.

The success of endoscopic resection relies on the achievement of *en bloc* resection with negative margins. Endoscopic resection techniques include mucosal resection (EMR) and submucosal dissection (ESD), with the latter having only limited data in the IBD population.^[@bibr105-1756284820920779][@bibr106-1756284820920779]--[@bibr107-1756284820920779]^ If endoscopic resection cannot be reliably achieved, then surgery may be indicated, with the surgery of choice being colectomy in UC or, possibly, segmental resection in Crohn's colitis depending on disease involvement. Other indications for surgery include any dysplasia in a patient with PSC, a personal history of CRC, severe pseudopolyposis or stricture limiting adequate quality surveillance, or multifocal dysplasia.^[@bibr35-1756284820920779]^

Conclusion {#section9-1756284820920779}
==========

The management of IBD-associated intestinal neoplasia requires careful consideration patient, disease, endoscopic, and histologic factors. Despite the above risk factors and guidelines for CRN in IBD, it is important to recognize that inflammation is dynamic, and surveillance intervals should be based on individual patient factors, cumulative burden of inflammation, and consecutive colonoscopic findings.^[@bibr108-1756284820920779]^ Moreover, there are few data on IBD-related CRN in non-Western populations, and, although recent data from China suggests similar risk factors for the development of CRN in Western populations, future investigations are required to reveal major population differences in risk factors for IBD-related CRN.^[@bibr109-1756284820920779]^ While there have been dramatic improvements in the prevention, identification, and management of colorectal neoplasia in IBD, there are several areas requiring further study. These areas include (a) increasing adherence to recommended quality metrics and surveillance practices; (b) appropriate surveillance intervals tailored to individual patient characteristics and updated to reflect current evidence supporting (cumulative inflammatory burden) or refuting (pseudopolyps) risk determinants; (c) noninvasive biomarker development to complement endoscopy; and (d) efforts to reduce barriers to surveillance, including safely lengthening intervals in those at lowest risk. With the introduction of newer technologies and surveillance modalities, and the expanding population affected by, and aging with, colonic IBD, cost and resource utilization must be considered in tandem with shared patient--physician decision making.
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